Expression of n-myc downstream regulated gene 1 (ndrG1)/ca 2+ -associated protein 43 (cap43) in cancer cells is a predictive marker of good or poor prognosis depending on tumor type. in this study, we examined whether ndrG1/ cap43 is a marker of good or poor prognosis in gastric cancer patients, and whether it is associated with tumor stromal responses, including angiogenesis and macrophage infiltration. the expression levels of ndrG1/cap43, the number of cd68positive macrophages and the cd34-positive microvessel density were analyzed by immunohistochemistry in 129 gastric cancer patients, including 65 with the intestinal type and 64 with the diffuse type. the expression of ndrG1/cap43 in the nucleus and the membrane was evaluated. nuclear ndrG1/ cap43 expression was found in 20/65 (30.8%) patients with the intestinal type and in 9/64 (14.1%) patients with the diffuse type of gastric cancer. nuclear ndrG1/cap43 expression was significantly associated with pathological stage in the intestinal type (p=0.002), but not in the diffuse type (p=0.039). nuclear ndrG1/cap43 expression was also closely associated with infiltrating macrophages (P=0.001) and tumor angiogenesis (p=0.001) in the intestinal type. Furthermore, nuclear ndrG1/cap43 expression was associated with poor prognosis in both the intestinal (p=0.001) and the diffuse types of gastric cancer (p=0.047). By contrast, membranous ndrG1/ cap43 expression was not associated with the overall survival of gastric cancer patients with either the intestinal or diffuse type of gastric cancer. the expression of ndrG1/cap43 in the nucleus may be a predictive biomarker for malignant progression in the intestinal type of gastric cancer, preferable to the expression of ndrG1/cap43 in the membrane. and 3 Biostatistics center, kurume university; departments of 4 pathology, and 5 Surgery, kurume university School of medicine, kurume; 6 department of pharmaceutical Oncology, and 7 laboratory of molecular cancer Biology, Graduate School of pharmaceutical Sciences, kyushu university, Fukuoka, Japan
Introduction
n-myc downstream regulated gene 1 (ndrG1)/ca 2+ -associated protein 43 (Cap43) has been identified as a nickel-and calciuminduced gene, identical to the homocysteine-inducible gene, reduced in tumor (rtp/rit42) and to the differentiation-related gene-1 (drg-1) (1) (2) (3) (4) (5) (6) . in cancer progression, overexpression of ndrG1/cap43 was found to reduce cell proliferation and anchorage-independent growth in vitro and tumor growth in vivo (2) . however, ndrG1/cap43 has no effect on the primary tumor growth of colon and prostate cancer in vivo (7, 8) . ndrG1/cap43 expression has been found to be increased in numerous types of human cancer in comparison to normal tissues (8) . however, other studies have reported that the expression of ndrG1/cap43 is increased in normal cells and in well-differentiated cancer cells, but decreased in poorly differentiated cancer cells and in cancer of the colon, prostate, breast and pancreas (7) (8) (9) (10) (11) . this suggests a close association of ndrG1/cap43 with the cancer differentiation status. ndrG1/cap43 is a predictive marker of good prognosis in patients with cancer of the prostate, esophagus, breast, colon and pancreas, and with neuroblastoma (2, 8, (12) (13) (14) (15) . however, the expression of ndrG1/cap43 is a predictive marker of poor prognosis in patients with liver, colon, esophagal and cervical cancer (16) (17) (18) (19) . taken together, the effectiveness of ndrG1/ cap43 as a predictive marker of good or poor prognosis in cancer patients may depend on the type of human malignancy and the histological type or differentiation status of the tumor (20) .
We previously reported that ndrG1/cap43 expression suppressed tumor growth and angiogenesis in a human pancreatic cancer xenograft model (11) . Overexpression of ndrG1/ cap43 resulted in a marked inhibition of the production of the potent angiogenesis factors VEGF-a and il-8 (cxcl8) and of matrix metalloproteinase-9 (mmp-9) by pancreatic cancer cells, suggesting a possible role of ndrG1/cap43 in angiogenesis and extracellular remodeling in the tumor stroma (11) . Our recent study further demonstrated that ndrG1/ cap43 decreased the expression of various chemo attractants, including cxc chemokines (cxcl5, cxcl1 and cxcl8) for inflammatory cells, and the recruitment of macrophages and neutrophils with the suppression of angiogenesis and growth in pancreatic cancer (21) . the underlying mechanism whereby ndrG1/cap43 suppressed tumor growth and angiogenesis as well as the production of cxc chemokines in pancreatic cancer appeared to be due to the attenuation of nF-κB signaling through marked decreases in ikkβ expression and ikBα phosphorylation (21, 22) . in patients with pancreatic cancer, the ndrG1/cap43 expression levels were inversely correlated with the number of infiltrating macrophages and tumor angiogenesis in the tumor stroma.
The key role infiltrating macrophages play in the tumor stroma, promoting the malignant progression of cancer through interaction with cancer cells, has recently been highlighted (23) (24) (25) . tumor-supportive macrophages play an active role in extracellular matrix remodeling, tissue repair and angiogenesis, whereas tumor-suppressive macrophages exert antimicrobial and antitumor activities through immunostimulatory functions (26, 27) . tumor-supporting macrophages, also known as tumorassociated macrophages (tams), promote invasion, metastasis and angiogenesis through the production of inflammatory cytokines, chemokines, proteases, prostanoids, growth factors and angiogenic factors. clinical studies have demonstrated a close association between the abundance of tams and poor prognosis or tumor angiogenesis in various types of solid tumors (28) . a number of chemotactic cytokines are expected to play important roles in the recruitment and accumulation of macrophages in the tumor stroma, and tams that are recruited to the tumor play a key role in the angiogenic switch and malignant transition of cancer. We previously reported that depletion of these tams, as well as macrophages, by macrophage-targeting bisphosphonate encapsulated in liposomes markedly inhibits tumor growth, angiogenesis and bone metastasis (24) (25) (26) (27) (28) (29) (30) (31) , suggesting the involvement of macrophages in tumor growth, metastasis and angiogenesis (25) .
in the present study, we investigated whether the expression of ndrG1/cap43 is a biomarker for the favorable or poor prognosis of gastric cancer, as no previous study has focused on the role of ndrG1/cap43 in the differentiation status of gastric cancer. We also examined whether ndrG1/cap43 modulates the infiltration of macrophages and angiogenesis in the tumor stroma of gastric cancer, in association with histological type and progression. We also discuss whether ndrG1/cap43 plays a role in tumor stromal responses, thus affecting tumor progression in gastric cancer.
Materials and methods
Patients and tumor samples. the study comprised 129 patients with advanced gastric cancer whose tumors had been surgically removed at the department of Surgery, kurume university, between 2001 and 2004. the age of the gastric cancer patients ranged from 33 to 86 years (median 69); 91 were male and 38 were female. Histological types were classified according to the criteria of the Lauren classification (32) , and tumor stage was classified according to the TNM classification. Patient characteristics are summarized in table i. cancer stages included 30 (23.2%) cases of stage i (ia + iB), 18 (14.0%) stage ii, 27 (20.9%) stage iii (iiia + iiiB) and 54 (41.9%) stage iV. at the time of surgery, 79 (61.2%), 17 (13.2%) and 29 (22.5%) patients had lymph node metastasis, liver metastasis or peritoneal dissemination, respectively. no patients had been administered drugs before surgery, including neo-adjuvant chemotherapy, and the standard chemotherapy was performed after surgery: stage ii or iii patients were administered tS-1 and stage iV patients were administered a combination of tS-1 and cisplatin.
Immunohistochemistry (IHC). Paraffin-embedded tissue samples were cut into 4-µm sections, examined on a coated glass slide and labeled with the following antibodies using the Benchmark xt (Ventana automated Systems, inc., tucson, az, uSa) and chemmate Envision (dakocytomation, Glostrup, denmark) methods: ndrG1/cap43 (x200, produced in our laboratory) (11), cd68 (x1,200; kp-1; dakocytomation) and cd34 (x200; novo castra, newcastle, uk). For ndrG1/cap43, the Benchmark xt was used. Each slide was heat-treated using Ventana's cc1 retrieval solution for 30 min and incubated with the ndrG1/ cap43 antibody for 30 min. this automated system used the streptavidin biotin complex method with 3,3' diaminobenzidine as the chromogen (Ventana iViEW daB detection kit). the chemmate Envision method was used for cd68 and cd34. Endogenous peroxidase activity was inhibited by incubating the slides in 3% h 2 O 2 for 5 min. cd68 and cd34 antigen retrieval was performed by treatment with proteinase k for 5 min. Each slide was incubated for 30 min with the antibody at room table i. ndrG1/cap43 expression and clinicopathological characteristics in the gastric cancer patients. 
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temperature. For staining detection, the chemmate Envision method was used with daB as the chromogen. healthy noncancerous mucosal lesions were used as controls.
Evaluation of NDRG1/Cap43 expression in the membrane and nucleus of gastric cancer cells.
With regard to the expression of ndrG1/cap43, membranous and/or cytoplasmic and nuclear staining was observed in gastric cancer tissues by ihc. Expression of ndrG1/cap43 was predominantly found in the membrane and/or cytoplasm of gastric mucosal cells (Fig. 1a) , and in the cancerous cells in both the intestinal and diffuse types of gastric cancer ( Fig. 1B) . By contrast, the expression of ndrG1/cap43 in the nucleus was consistently observed only in the gastric cancer cells ( Fig. 1B) . Based on the IHC profiles of membranous and nuclear staining, the presence and absence of ndrG1/cap43 expression was evaluated. the intensity of membranous ndrG1/cap43 expression was scored using the following scale: no staining, 0; weak staining, 1+; moderate staining, 2+; and strong staining, 3+ in >10% of cancer cells. Scores of 0 and +1 were classified as negative, and scores of 2+ and 3+ as positive. the expression of nuclear ndrG1/cap43 was classified based on the percentage of cancer cells with strongly stained nuclei: ≥5% indicated that the cancer tissue was positive and ≤4% indicated that it was negative. NDRG1/ cap43 expression was evaluated by two experienced observers (a.k. and m.k.) blinded to the condition of the patients.
Determination of the number of CD68 + macrophages and CD34 + microvessel density (MVD). digital expression data were extracted using the following image analysis systems: cd68-and cd34-stained specimens were examined to identify the areas of expression with high density. images of the areas of expression were selected for clarity from at least 6 fields at x200 for each ihc specimen using a ccd digital camera (nikon, dxm1200). Expression analysis was performed to measure the areas of expression of the number of macrophages and mVd in all cases using 'Win rOOF' software (version 5.7; mitani corporation, Osaka, Japan) (33) . the digitized data of the expression areas were measured and averaged. 
Results

Clinicopathological features and expression of NDRG1/Cap43
in non-cancerous gastric mucosal cells and gastric cancer cells. in non-cancerous gastric mucosal cells, the expression of ndrG1/cap43 was observed in the membrane and/or cytoplasm of almost all the cells, and no nuclear expression was evident (n=77) (Fig. 1a ). among the 129 gastric cancer specimens analyzed, 65 were classified as the intestinal type 
Association of NDRG1/Cap43 expression with infiltrating
macrophages and tumor angiogenesis in the intestinal, but not in the diffuse type. as shown in Fig. 2 , the cd68 + macrophage count and cd34 + mVd were high in the cancerous region in both the intestinal and diffuse types, compared to the non-cancerous gastric mucosal cells. Box blots showed significantly higher numbers of infiltrating cd68 + macrophages (p<0.001) and higher mVd (p=0.003) at stages ii, iii and iV compared to stage i in the intestinal type (Fig. 2) . a stage-dependent increase in both macrophage count (p=0.011) and mVd (p=0.017) was also observed in the diffuse type of gastric cancer.
We next examined whether nuclear or membranous NDRG1/Cap43 expression was correlated with the infiltrating cd68 + macrophage count and mVd. Box plots indicated that the number of infiltrating CD68 + macrophages was significantly correlated with nuclear ndrG1/cap43 expression in the intestinal type (p<0.001) ( Fig. 3a-a) , but not in the diffuse type ( Fig. 3A-b ). There was also a significant association of nuclear ndrG1/cap43 expression with mVd, in the intestinal type (p=0.001) ( Fig. 3a-c) , but not in the diffuse type ( Fig. 3a-d) . Furthermore, membranous ndrG1/cap43 expression was found to be significantly correlated with the number of infiltrating cd68 + macrophages (p=0.001), but not with mVd in the intestinal type (Fig. 3B-a and -c) . There was no significant association between membranous ndrG1/cap43 expression and the number of infiltrating CD68 + macrophages or mVd in the diffuse type of gastric cancer (Fig. 3B-b and -d) .
Association of NDRG1/Cap43 expression with the survival of patients with intestinal type gastric cancer. We further examined whether ndrG1/cap43 expression in the membrane and nucleus was associated with the overall survival of gastric cancer patients. log-rank p-values for nuclear expression of ndrG1/cap43 and kaplan-meier plots are shown in Fig. 4a . among patients with the intestinal type, those who were nuclear NDRG1/Cap43-positive had significantly shorter survival than those who were nuclear ndrG1/cap43-negative [p<0.001, hazard ratio (HR)=4.092, confidence interval (CI) 1.950-8.547]. among patients with the diffuse type, a similar tendency was observed, with statistical significance (P=0.047, HR=2.414, ci 0.984-5.920). the results remained similar even after adjustment for possible confounding factors, such as age and gender, by cox regression (p=0.002, hr=4.163, ci 1.970-8.797 for A the intestinal type and p=0.111, hr=2.086, ci 0.845-5.145 for the diffuse type). By contrast, membranous ndrG1/cap43 expression was not associated with overall survival in either the intestinal or the diffuse type of gastric cancer (Fig. 4B) .
Discussion
in the present study, we observed that the expression of NDRG1/Cap43 in the nucleus was specifically increased during stage progression of both the intestinal and diffuse types of gastric cancer. We evaluated whether nuclear or membranous ndrG1/cap43 expression affected tumor angiogenesis, the infiltration of macrophages and patient survival, and demonstrated that nuclear ndrG1/cap43 expression, rather than its membranous expression, was significantly correlated with the number of infiltrating macrophages and tumor angiogenesis in the intestinal, but not in the diffuse, type of gastric cancer. Furthermore, nuclear ndrG1/cap43 expression was associated with a poor prognosis in both the intestinal and diffuse types of gastric cancer.
during normal postnatal development, ndrG1/cap43 is expressed in the membrane and/or cytoplasm of cells in the rat kidney and brain (35) . ndrG1/cap43 is also a membrane and/ or cytoplasm protein in human tissues, but its cellular localization is dependent on cell type (35) . For instance, epithelial cells of the prostate predominantly show membranous expression of ndrG1/cap43. analysis of human ndrG1/cap43 localization has demonstrated that the probability of ndrG1/cap43 expression in the membrane and/or cytoplasm, nucleus and mitochondria is 47.8, 26.1 and 8.7%, respectively (36) . Overexpression of ndrG1/cap43 is an indicator of poor prognosis in hepatocellular carcinoma (17) and cervical adenocarcinoma (18) , and NDRG1/Cap43 is specifically expressed in the membrane and/ or cytoplasm. in hepatic cancer cells, ndrG1/cap43 is localized in the membrane and/or cytoplasm both in vivo and in vitro (37) . in the present study, ndrG1/cap43 was localized in the membrane and/or cytoplasm of normal gastric mucosal cells and in early-stage gastric cancer. By contrast, ndrG1/cap43 was not expressed in the nucleus of normal gastric mucosal cells or in cancer cells at earlier stages, but its nuclear expression was markedly increased in cancer cells at later stages of progression. thus, in gastric cancer, nuclear ndrG1/cap43 expression may play a role in tumor progression.
NDRG1/Cap43 is a specific differentiation-related gene first identified by van Belzen et al (1) . ndrG1/cap43 expression suppresses the expression of angiogenic factors and mmp-9 in pancreatic cancer cells, and also suppresses tumor growth and angiogenesis in human pancreatic cancer (11, 21) . Furthermore, macrophage infiltration and tumor angiogenesis have been shown to be significantly correlated with the expression level of ndrG1/cap43 in patients with pancreatic cancer (20) . contrary to the inverse association of ndrG1/cap43 expression with tumor angiogenesis and prognosis in pancreatic cancer, our present study demonstrated that ndrG1/ cap43 expression was positively correlated with tumor angiogenesis in the intestinal type of gastric cancer. thus, depending on tumor type, ndrG1/cap43 may be a positive or negative biomarker of malignant progression, including tumor angiogenesis, infiltration of TAMs and the prognosis of cancer patients. nuclear ndrG1/cap43 may positively regulate the infiltration of macrophages, including TAMs in tumors, as well as tumor angiogenesis, in the intestinal type of gastric cancer. We favor the idea that ndrG1/cap43 induces the accumulation and activation of macrophages/monocytes, resulting in an angiogenic switch in the tumor stroma (25) , probably in close connection with the differentiation status. Further study is required to ascertain how ndrG1/cap43 functions in association with histological type in gastric cancer.
in gastric cancer, tumor angiogenesis and lymphangiogenesis are known to be closely associated with malignant progression and poor prognosis (38) . Macrophage infiltration and tumor angiogenesis, which are stimulated by nuclear ndrG1/cap43, may play roles in the promotion of metastasis to the lymph nodes and liver in intestinal type gastric cancer cells. NDRG1/Cap43 may specifically modulate tumor angiogenesis and metastasis in close correlation with the recruitment of macrophages and tams, depending on the histological type of gastric cancer. in both the intestinal and diffuse types of gastric cancer, infiltration of macrophages and tumor angiogenesis were found to be increased during progression of pathological stages (Fig. 2) . however, there was no such significant correlation between infiltrating macrophages or mVd and ndrG1/cap43 expression in the nucleus and membrane in the diffuse type of gastric cancer (Fig. 3) . By contrast, our present study showed that the expression of NDRG1/Cap43 in the nucleus significantly affected the survival of patients with intestinal type gastric cancer and those with the diffuse type after surgical treatment (Fig. 4) . although it remains unclear which biological function of NDRG1/Cap43 is specifically responsible for survival in gastric cancer, the localization of ndrG1/cap43 expression to the nucleus rather than the membrane appears to be a better indicator of poor prognosis in gastric cancer patients.
inagaki et al (39) recently reported that nuclear localization of NDRG1/Cap43 is significantly related to lymph node metastasis as well as to the survival of patients with diffuse type gastric cancer, and also that nuclear localization of NDRG1/Cap43 is significantly correlated with p53 expression in the nucleus. Of the various suppressor genes linked to the expression of ndrG1/cap43 (40) , p53 is known to be closely associated with ndrG1/cap43 in tumor growth and/or cancer cell apoptosis (2, 41, 42) , but the molecular interaction between p53 and ndrG1/cap43 remains unclear. in the present study, we did not examine whether any suppressor gene was linked to ndrG1/cap43 expression in gastric cancer cells. consistent with the study by inagaki et al (39) , nuclear ndrG1/cap43 expression was found to be significantly correlated with lymph node metastasis. Further study is required to understand how the expression of ndrG1/cap43 affects the peritoneal dissemination of gastric cancer.
In conclusion, the present study demonstrated for the first time a close association of nuclear ndrG1/cap43 expression with the infiltration of macrophages and tumor angiogenesis in the intestinal type of gastric cancer, whereas no such association was evident in the diffuse type. The present findings suggest that the nuclear expression of ndrG1/cap43 may serve as a novel biomarker for the molecular diagnosis of gastric cancer, and also for the development of new therapeutic strategies. Further study is required to ascertain how the nuclear localization of ndrG1/cap43 is controlled at the molecular level.
